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Ihe Problcra 

Aircraft naintenance ic a costly^ cosiplox, 
technical business. The problens involved in managment 
of this business ore staggering. Tlierc are hundreds of 
thousands of parts in each Biodern airplane over xdiich 
rigid controls aust be maintained. Aircraft, aircraft 
parts, aii’craft maintenance equipment and aircraft 
mechanics are expensive. Technical innovations to 
aircraft systems and parts are a constantly reoccurring 
problem, Everything associated t^ith aircraft is technical 
and costly. 

In one airplane alone inefficient management can 
be translated into a multimillion dollar investment idle 
and useless* Ilaintonance misKianagement could result in 
the entire investment being destroyed along with many 
lives, I'laintenancc management must make advances to keep 
pace vjith the rapid advance of toclinology of the aircraft 
itself and the soaring costs of its ma,intcnanco. 

i'fithin the last tiTO decades there has been rapid 
and extensive progress in the application of cybernetic 
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techniques to management problems. Tt-ra areas of activity 
involved are: (1) the concept of production, that is, 
automation j and (2) the use of computers for mass 
integrated data processing and decision-making. 

Are aircraft maintenance managers using 
cybernetics to solve problems of management? Vdiat kind of 
techniques and equipment are managers develop5.ng and using 
and what is the impact of this technology upon aircraft 
ma int enan c e ? 

Scope and Treatment 

fliis study was undertaken to answer these 
questions and to develop a non-technical paper giving a 
general overview of cybernetics in aircraft maintenance 
raanagement. Any one tectoique or system discussed XTOuld 
lend itself to cii investigation of greater effort than 
this entire paper. 

The reader will possibly note that problems and 
their treatment are frequently recognized iia terms of 
dollars. This approach is mderstandable in view of the 
■in’iter’s background and the academic application of this 
study. 

Generally defined, cybernetics is the 
comparative study of the automatic control system formed 
by the nervous system and brain, and by mechano -electrical 
systems and devices. 
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Tile subject vias researclied through extensive 
readings in books, periodicals, studies and reports. The 
xjriter corresponded \irith top officials in maintenance and 
management of American Airlines, United Air Lines, 
Continental Air Lines, Trans V/orld Airlines, Delta Air 
Lines, Pan American World Airways, National Airlines and 
Trans-Canada Air Lines. liilitary officers, Federal 
Aviation Authority officials, representatives of aircraft 
companies and manufacturers of computer equipment wore 
interviewed. To a lesser extent the vjritor called upon 
his own Imowledge and background as a military pilot and 
forraer squadron maintenance officer. 

Tile paper begins with a brief sketch of military 
applications of cybernetics in maintenance management. 
Investigation proved military aviation a. late entry into 
the field — fully ten years behind the commercial 
airlines. Basically military aviation is just reco^jiizing 
its management problems .ad the potential of cybernetics 
for control. The airlines have been making profits on 
these applications for a decade. Therefore, the remainder 
of the study is in the maintenance activities of the 
United States commercia.1 carrier. 

Chapter tiro outlines maintenance costs within the 
airlines and how cybernetic systems can help. This 
chapter is an introduction to the airline maintenance 



problen end \tas developed primarily from correspondence 
xvith officials at Continental Air Linos, Inc. 

'HiG third chapter deals trith computer control over 
the px>ovcntivo raaintonanoe concept no’;T employed by most 
airlines. TMc application is perhaps the most 
significant application of cybernetics to tiic airline 
laaintenance problera to date. Chapter four offers a 
specific emanple of this innovation -- ‘Trans Ilorld 
Airlines’ computer system. 

Chapter five describes the evolution and 
application of the ’’critical path analysis" at United 
Air Linos Base Overhaul — developed from the familiar 
management tool — PSR’T. 

Ghaptor six revioHs xdiat automatic maintenance 
equipiiient is available non and xrhat direction should be 
taken in this area., Chaptei" seven discusses the flir^it 
recorder as the solution to the "hours floxm” concept of 
mana-gement and its si^piificance in cybernetic raanagoment , 
‘The last chapter, eight, summarizes and critiques the 
approaches to aircraft maintenance problems and uhat gains 
have been realized. 

It is not the thesis of this study that 
cybernetics is a i)a.nacea for airex-’aft maintenance 



management problems • 
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MILI'2/iRY APPLICATIOIIS 

Military aviation currently is turnins its 

tociinical attention to more sophisticated aircraft 

jsiaintenance managenont systems to bring probloius in focus 

and costs under control* The Department of Defense claims 

they are spending about 25 per cent of the defense budget 

and the efforts of a liiillion defense people on maintenance 

•} 

of military equipment. Even in the absence of an 
adequate cost accounting system, it is safe to estimate 
that of this f?12 billion that $6 billion is used on 
aircraft maintenance. 

Cost, however, is not the main reason for 
intensified emphasis on vuiintonanco. National security 
comes first, then oconoraising. Equipment I’eadiness is of 
priraary consideration toxvard overall readiness. No longer 
is thoro a clear distinction between peace and xrar. 
Constant readiness is required. Ctiba has shoxm that i-io 
must fight future wars i-rith what we’ve got now, not with 

A 

Uagner, Joe, "Maintenance Is the Key to Our 
Defense Posture,” Armed Forces Mana.genent , Jan. 

p. 20. 
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vjhat wo laay get from production linos toraorrow. 
B-laintenance is tho key to our defense posture « 

Labor Accounting — 

DaVa" Golloction 

In July 1962 the Strategic Air Goiariand reported 

it had sent cone additional B-52 a.ircraft and 31 

KG-I 35 tankers to the ready line — the result of a 

■] 

relatively net-r maintenance management program. 

This Air Force Haintenance Hanagerient System, as 
outlined in Air Force Blanual 66-1 , adopts a ttxofold 
system to manage resources. An exception manpower 
accounting systcra is used to identify and analyze the 
labor force and a maintenance data collection system is 
used to identify production and offer a teclinical analysis 
of equipment. 

First, consider the data collection system, Tills 
system provides for na.intenance data collection by means 
of trork cards (see Figure 1) furnished to activities 
whereupon pertinent infomation is recorded by code as 
iK>rk is performed. The information is then extracted and 
machine processed into x^unchod cards. The punched cards 

^Basiford, Hal, "How G-ood Is Haintenance 
Hanagoment , ” Armed Forces Hanagonent , Jan. 196l[., p. 23. 



JOB CONT NO !□. PRlIC. TIME SPEC REqId. WK AREAIe. EST M/^dF. ORIG RPT NO. |G. REPORT NO. 
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Figure 1 .--Iiaintenance Discrcpancy/Production 
Credit Record, USAF Form 211 
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can then bo fed into electronic data x^rocessin^; oquipriont 

•1 

for analysis and siirraaries. 

A separate accounting system is utilised for 

man-hour roj.)orting. The system is based vipon the 

’‘exception” principle since each deviation from normal 

duty must be accounted for. Uork centers ai*e charged xrf.th 

labor by normal duty hours. Deviations from nonual 

maintenance functions as reported by Daily Exception Cards 

(see Figure 2) are used to adjust labor changes. The 

results reflect the true number of man-hours consumed 

? 

vTithin each maintenance activity. In this manner close 
sur’voillance and control is provided for a large sognent 
of maintenance -- labor. 

Other Evaluations 

The IJavy began a stvidy and evaluation of a 

3 

maintenance system in August 1963* The purpose of tills 
project vxas to recomend implementing action to achieve a 
standard maintenance planning and control system throuj^ 
electronic data processing of information. The principle 
and procedures of the Air Force system descr3.bcd above 

Air Force, Maint enanc o Ilanagement , Air Force 
Hanua.1 66-1, 1 Sept. 1962, 'u.S .' Averment i^rinting 
Office, Chapter 94 

^Ibid ., Chapter 8, 

■^U.S. llavy, Standai’d Havy M ai ntenance Management 
System, OPIIAV Ii,700 . 1 Sa,” 1 August 1 963» 
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--r!an-hour lilxc option Card, 
IJSAP Porni 114.57' 
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■sTGrc recognized as adaptable to ilavy rcquirenents. 
Evaluation and dovclopjiient of this systen, as well as 
others, is in pr»o gross at this tine. 

The Ariuy exaiiiincd the Air Force system in 1963 
and adopted salient features vjith minor changes. The 
Harine Corps follows liavy operating procedures* 

Cybernetic Systems 

Essentially all of these systems ai*e to provide 
maintenance management i^iith information — infomation 
that is time3.y and meaningful fox' decisions and control. 
Tlirougii electronic data pi^ocossing these systems can 
provide raaintenance management xrith infonuation as to what 
production jobs are performed by the manpower available 
for direct labor in each work center. In addition to what 
is done, the system provides data as to hox^r many direct 
man-hours are expended on each job; wiiy each repair is 
required; xdien the malfunction was discovered; and x-^t 
work center accomplished the work. All maintenance jobs 
are recorded in such a manner that coraprehensive data is 
available for analysis of failure rates versus operation 
time; malfuxictions related to inspection rxeriods; 

"*I'Jithin aviation the adaptation is recognized as 
comparatively dii’ect. Both Air Force and ITavy systems 
have been and are being developed for genei’a! maintenance 
management and are not restricted to aviation maintenance 
management * 
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reliability expectancies for systens £uid cor.iponentsi and 
frequency and volune of sialfunctions related to uiien 
discovered. 

This information, fod into a contra! contz’ol 
point, pomits comparisons and analysis by electronic 
data processinc systens to be made from the basic data 
collected. It porraits managers a timely overall picture 
from zdiich to base decisions, Szjrjiraary data accuraulated 
over a poi‘iod of time can be used for manpower planning; 
labor distributions; tooling and equipment needs; budget 
computations; and cost analysis. Haintenance managers 
can use this data for decisions regarding inspection and 
maintenance requirements; life ezqjectancy; time change 
requirements; justification for modification programs; 
master repair schedules; deficiency analysis; costs, and 
parts and components needs, 

Tliese techniques are valuable management tools. 
Maintenanco managaaont, however, is evolving slot;ly in 
the military in comparison with coi-amercial aviation. 
Subsequent chapters will be devoted to investigation of 
cybornotic maintenance management progress in TJ.S, 
airlines. 
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AIRLIIIB I-miilTBITiillGS COSTS — 

Iv'EAT C^SEUISTIGS GAIT DO 

The scheduled airlines of the United States spend 

alraost tiro-thirds of a billion dollars annually in 

maintaining their aircraft. In an industry whose profit 

margins are small, lowering of these costs can be vitally 

iraportant. A 10 per cent decrease in maintenance costs 

would have produced a 60 per cent increase in after taxes 

1 

profit for the industry for 1962. The impact of these 
figures point out the necessity of considering, ’’liHiere 
does the maintenance money go?” before evaluating any 
aircraft maintenance management techniques or systems* 



Dii^ect Costs 

In broad terms, maintenance costs may be 
classified as direct and indirect. Figure 3A illustrates 
that part of the maintenance dollar liiich goes to direct 
costs. These are the costs of the productive labor and 
materials used in the maintenance work on the airframe 

Letter from Alexander Damm, Vico President 
Finance, Continental Air Linos, Inc., Los Angeles, Calif., 
9 Dec, 1963. 
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Figure 3» — General Distribution of 
Airline Maintenance E;cj)cnse 

Source* Letter froia R. M. Adatns, Vice President 
Engineering and Maintenance, Continental Air Lines, Inc,, 
Los Angeles, Calif,, 3 Dec, 1963* 



engines, and all the associated instri-naents, accessorios, 
radios and ecnipiacnt, rhese direct costs account for 
apprc:xiiaatcly 69 per cent of the naintonance expenses. 

Of these direct expenses about ^0 per cent is for labor, 
about I 4 .O per cent is for materials and about 10 per cent 
is for outside services. 

The percentage of direct costs accounted for by 
materials is constantly increasing over the years with new 
a.ircraft designs involving more and more expensive parts 
xdiich are not easily rcpa.irable, or capable of being made 
by tho airline itself. 

The amount of raonoy spent on outside services 
varies between airlines and ulthin a given airline it may 
vary botxreen aircraft types. It is a function of the 
asiount of work sent to outside agencies. As such, the 
figure is a little impure in the direct cost sense since 
the billings idll include labor, material, overhead and 
presumably the profit for the outside concern. 

Indirect Costs 

Tho remainder of the maintenance dollar is spent 
in indirect costs, amounting to 35 pei* cent as can bo seen 
in Figure 33. The obvious excess over 100 pci* cent of the 
ejqseiise dollar resulting from tho addition of direct and 

Letter from R, M. Adams, Vice President 
Engineering a.nd Ilaintenancc, Continental Air Lines, Inc., 
Los Angeles, Calif., 3 Dec. 1963, 
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indirect porcontn^es is corrected by deduct inc 14. per cent 
for credits vrhich ere the profits fron doing uork for 
outsiders. This approach cho’uld point out to r.is,intenance 
managers one tiay to do something about mainteno.nco 
expenses, that is, perform work for others if you can do 
so at a profit. The adjusted direct and indirect expense 

'I 

dollar percentages then shoH on the total. Figure 

The greatest portion of the indirect costs arc 
payroll related. For the salce of examination, in Figure I4. 
the indirect costs are broken into three arbitrary groups 
using labels of staff support burden, assisting burden 
and nonproductive burden. How considering them in the 
reverse order, nonproductive burden runs about 35 per cent 
of the total burden and is raade up of federal aiad state 
payroll taxes, company contributions to ret3.remont and 
uelfarc fimds, labor charges for holidays, sick leave, 
injury, vacations, cloruiup, standby and so on. Assisting 
burden is about 3l| per cent of the total bm’den and is 
prinai’ily comprised of shop supplies, expendable 
materials, hardxjare, cleaning compounds cuid stationery, 
light, heat, poxjer and water, rents, guards and janitor’s, 
telephone and teletypes, expendable tools, materials, 
labor, gas and oil to maintain and operate ground 
equipment. The third group, staff support burden, 

'’ibid. 
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amounts to about 31 Ipor cent of the total burden and is 
Eiado up of salaries for people in supervision, 
engineering, production control and planning, stores 

keeping, records keeping; plus training costs, travel 

•] 

expenses and the like. 

Biis is t’hcre airlines riaintenance noney goes. 

IJou how can cybernetic systems help management to reduce 
costs? First, consider indirect costs. 

Support Staff Burden 

Little relief can be expected in tliis area by 
cybernetic systems, fhore will probably be a shift in 
the composition of these functions but the total expense 
xrill likely remain constant. The shift xri.ll probably 
be from middle managers toward top managers. The overall 
nimiber of people xri.ll be drastically cut but the cost per 
employee xri.ll probably rise sharply. For example, the 
need for certain staffs, accountants, stox’e employees and 
supervisors v;ill drop sharply xrith the advent of 
cybernetic systexas but the need for engineers, planners 
and top level managei*s ixill rise. 

The percentage of indirect to direct cost is not 
the important factor; Iiox-rover, tho overall cost is. If 
the burden costs stay constant and productivity increases, 

^ Ibid. 
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the total dollars of burden will increase, yet direct cost 
nay decrease sufficiently to have a substantial overall 
decrease in unit costs. The staff sujjport dollar should, 
then, raore than pay its way x-rith cybernetic systeras. 

Nonproductive Bu rden 

Returning to Figure ij., consider the nonproductive 
burden. It is in this area that the greatest savings can 
be effected. Cybernetic systems can reduce the overall 
need for workers as the xn’iter attesaxJts to point out in 
material developed In subsequent chapters, fhe impact of 
savings in this area is more graphic if one considers that 
l8 j)er cent of each XTOrker’s total cost is paid directly 
into unproductive cost — taxes and fringe benefits."* 

One should consider also the social trends of the day and 
that state and federal law falls outside of most 
maintenance managenont’s direct influence. 

Assisting Burden 

Obviously there x-dll be no savings in this area. 
With the introduction of cybernetic systems there will be 
a sharp rise in costs in this area for rent or purchase 
and installation of sophisticated equipment. 'The cost 
increase in this area x-jill offset any savings realized in 

"*Ibid. 
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tho nonprod-uctive area. Increased productivity, houcver, 
T-Jill be the key consideration (as discussed previously) . 

Reducinc Costs 

One of the najor avenues for roducins direct 
labor and riaterials costs lies in the introduction of 
cybernetic techniques and philosophies. Those inproved 
maintenance systems and techniques t-iill permit 
accomplishment of maintenance only x;hen it needs to be 
done and ^-rill get the job done in the most expeditious 
Planner , 

It irlll improve scheduling to assure that the job 
is not performed before that tine arrives and trill see 
that this time arrives in a smoothly pattoiaied tiTorkflow. 
Those statements are elaborated on briefly in reverse 
order. 



Scheduling 

Fli,ghb schedules are primarily set to produce 
revenue by flying where and tihen tho customer wants to. 
Hinor changes in those schedules can have a large bearing 
on maintenance manpower requirements. A very simple 
extaaple is a line station with five transit flights 
occurring in one shift, as shorn in Figure By having 
the flight transits scheduled end to end, only one ground 
crew is needed. By su]3eriraposing only two of the 
transits, ttjo gromd cre^xs are needed, and they produce 
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no rtiorc than did one crew, but with a 100 per cent 
increase in coct. Cybernetic nanageracnt techniques co.n 
aasimulate this problem — compounded by passenger 
demands setting the basic schedule, 1^0 plane fleets, 
thousands of time-contr’olled parts — and cone up with 
the best schedule. 

Another area in scheduling that could result in 
dii’ect cost savings by computer as simulation is 
illustrated in Figure 6. Assume a tine limit of 100 
hours bott-recn the recurrent perfonaance of some task 
xjhich uses $100 worth of labor. If for- some reason 
scheduling results in this job being done at <S0 hour 
inter'vrals, and improved scheduling increases the 
interval to 96 hours, a cost reduction is achiovod from 
$1 ,2^ per fliglit hour to $1 ,0l(. per fli^iit hour — a 
decrease of nearly 1? por cent. How suppose tliat they 
found out tliat they really didn‘t need to perform this job 
at 100 hour intervals, but that it vrould go for 300 hours 
safely, trith a cost increase for added xreo.r to $120. 
fhc cost per hour would then bo only 00,k2 per hour or 
more than a two-thirds reduction from our starting figure 
of $1 .2p per hour. This typo of raa jor- cost 5mprovemont 
is possible througli use of cybernetics. 
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Improved Techniques 

Fir'st of all, ifnen an aix’plano is undergoing 

roaintotienco work it isn’t earning rovenue. It is simple 

aritlmetic that any teclonique to improve and spoed-np 

overhaul periods will effect large reductions in cost. 

If overhaul periods arc cut from 5 days to 1}. days, there 

is, of course, a one-fifth savings in overhaul costs and 

the aircraft is out earning revenue on the fifth day. 

It siiould be Just as obvious that maintenance 

managoaent needs the development of systems that monitor 

the condition of all the coraponents and aircraft structure 

xd.thout requiring expensive disasserably of the aircraft 

-} 

^d.th all of its bad side effects of Murphy's Law , 
mechanic tiidcoritis and other built-in costs. 

It is in the area of direct costs -- where costs 
are ever increasing because of tecimological imixrovements 
— that cybcrnotic systems will effect the most in savings 
for aircraft luaintenance iTianagers, 

^ Murphy’s Law , If o.n aircraft part can be 
installed xirong, somoono will do it. 



CFJiPTSi’. Ill 



COnPUISR COIIPHOL • AH AID 
TO AIRLIITS F.^xI!T?r:i]AllCB 

Airlines in the United States began to entrust 
none and more engineering and maintenance Tunctions to 
computers in the late 19^0’s in an effort to reduce the 
$670 million they spend each year on maintaining and 
overhauling aircraft. 'The mainten.ance of aircraft 
presents unique problems since failure xxhilo a plane is 
in the air can cost human lives and entail millions of 
dollars in equipment loss and passenger suits. The latest 
technique for maintaining flying equipment in peak 
operating condition is computer control of accumulated 
time on airframes, engines a.nd time-controlled parts — 
the preventive ma,intenejicc concept. 

Preventive Ilaintonance Scheduling; 

Preventive maintenance is a comparatively new 
concept that calls for tho progressive overhaul of certain 
critical parts of a. unit at specified time intervals. If 
statistical data sho^r that hydraulic pmp bearings on 
certain aircraft fail after 1,000 hours of flight, this 

Domra, loc, cit. 



iten nu3t be narked for rcitioval at 1,000 hour intervals. 
Such a system of controlled maintenrxnco, therefore, 
safeguards o.gainst breakdotm. Hours floun, then, has been 
established as the Iaeas^aring stick for routing aircraft 
to overhaul stations. 

The Job of scheduling and maintenance control is 

the responsibility of the airline engineering and 

maintencaice department. VolimiGs of recoi’ds are kept to 

control huge stocks of items, determine component failure 

rates and schedule and maintain equipment over a large 

notHork of operations. At least 60 per cent of an 

airline’s total manponor may be assigned to this area, 

ranging from dispatches, central overhaul crows, station 

maintenance cx’ex'rs, and an engineering staff to office 

control clerks, general supply clerks and parts 
1 

israrehou semen. Because of this, maintenance managers 
have been struggling to accomplish some streamlining of 
records. The problem is coraplicated, however, because 
their staff must be in immediate possession of the 
folloxrilng essential data: 

a. Miat units are scheduled for the no:cfc overhaul 

period? 

b, uhat components are due for the ne^ct overha..ul? 

"*Araerican Airlines, ’’Tulsa Management Research 
Application Ho. ^001, SPQ Computation/RL Control," 

Tulsa, Okla. (Mimeographed.) 
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c. liliat are tlie preccntly installed coriponents? 

d. '.diat arc tiie prertiaturely renovod conpononts? 

c, IJhat arc the failure rates for each conponent? 

f , iihat components are on hand at the overhaul 

base and at each terminal station? 

The airlines maintentmce and engineering 
departments maintain four types of records that fui^nish 
all the necessary information to answer these questions: 

1 • Master Unit Record, Data is maintained by 
unit serial number sho^^^ing hours flown since last 
inspection or overhaul; dato since last inspection or 
overhaul; and other miscollanoous historical information. 

2. Gomponont Overhaul Record. Records are filed 
by part-number sequence by unit-serial number. Data 
includes date component w'as installed, and hours since 
last inspection or overhaul* 

3. Parts Stock Control Record. Those records 
contain infor-iruition required to control each of the 
component items stocked at the various outlying 
naintonanco activities mid the central maintenance 
location. 

l|.. Component Performance and Irregularities 
Record. Irregular removals and scheduled removals are 
recorded tiiroughout the month. Surmary calculations are 
made at month's end for plotting to analyses curves. This 
aids management in deciding tlirou^^ actual performance if 



27 



the overliaul period for that iten mi';;ht noij bo c:ct ended, 
‘The result is less shop repair and lower naintenance 
costs. On the other hand, nusiorous failures over a 
period of time may cause shorter overliaul periods. This 
entails additional shop repair,"* 

Prior to the adoption of the computer, most 
airlines used a system of manual posting to lodger cards, 
the same system adopted with the inauguration of the 
preventive maintenance pla.n. The upkeep of groups of 
records was divided among several departments, iuuerican 
Airlines master unit records were filed in the Operations 
Department! component overhaul records were kept in the 
Maintenance Department; stock control ledger cards could 
be found in the Supply Department; and perforraance and 
irregularities records in the Engineering Department. 

Each of these departments required a separate staff of 
clerks,^ Other airlines employ similar systems. 

The Computer 

The computer offered the first real solution to 
the maintenance manager's records and control problems. 

"^American Airlines, '*i'ulsa Management liosearch 
Application Ho, ^ 03 , Morkload Mechanised Production 
Control," Tulsa, Okla, (Mimeographed*) 

hotter from G. B, Darr, Manager, Systems 
Management Research Division, Araerican Airlines, 
Maintenance S: Engineering Center, Tulsa, Okla,, 

30 Jan, 196Li., 
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Its concept of in-line procossins noant that a single 
transaction affecting a component part conld be posted 
to three individual record areas. Of equal importance nas 
the ability of the computer to mahe certain decisions 
regarding unit scheduling and stock ordering* 

With the computer a bettor job could bo done in 

scheduling equipment for xnaintenance checks and overhaul. 

Coi’n.ponent chock shoots can be furnished prior to the 

arrival of an airplane at the terrainal so that items 

that have not reached their overhaul period will be 

omitted. United Air Lines* Ilanager of Accoxmting, 

K, S. Hankland, stated that keeping track of low-tine 

items could mean a half-r.iillion dollar reduction in their 

1 

maintenance repair costs alone. Heretofore, the 
difficulties of maintaining schedules on all items 
necessitated overhauling every component on that unit 
when it arrived at the laain base. 

With the computer it is possible to control a 
centralized stock inventory system for the fast moving 
critical components carried at both the main overhaul 
base and the maintenance terrainal stations. “Thus, 
emergency stock required for use at the main depot can 
be quickly located at any of the other bases. 

Letter from K. S. Hankland, Ilanager of 
Accounting, United Air Lines, San Francisco, Calif., 

16 Dec, 1983. 
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Purtherxaore, because this stock can be closely controlled, 
the amount of invontory carried in the stock bins can be 
substantially reduced. 

General Airline Application 

Transcontinental airlines operate average fleets 
of 1^0 aircraft. Because each plane is made up of 500 
maintainable parts, individual records for 75»000 
component it eras mi gilt be kept on file. The computer is 
used to control the in-service time by scheduling the 
150 aircraft through three basic types of maintenance 
checks; 

1 . Enroutc check, for aircraft logging less 
than 125 hours flight time. 

2. Interraediate line check, performed every 125 

hours. 

3. Overhaul check, at each 2,000 hours on 
components and airframe. (A total of 8 of these 2,000- 
hour checks might constitute a complete overhaul 
cycle.) (See Figure 7). 

In addition, all 500 components of each of 150 
aircraft are time-controlled and their stock records 
updated. Siimmary failure data or irregularities are 

^ Her berg, J. W., "Organising C: Managing Per The 
Maintenance Job," lAIA Production "0 Control Group Paper 
for ninth Meeting, Hamburg, Gentiany, 10-1 4 June I963. 
(Miraeographed. ) 
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also recorded so that the performance of every one of the 
itcras may be analyzed within its overhaul period. 

The input data fed to the computer consists of 

■1 

only four typos of data: 

1 . Flight Leg Card. 

2. Serviceable Pai’t Tag. 

3. Repairable Part Tag. 

1}.. Miscellaneous Inventory Card (i.c., receipts, 
adjustments , etc . ) . 

A flight leg card is a tclotyped raessage from rt 
tenainal sotting foz'th a plane's hours floim between two 
points. Supplementary data rii[^t well be included, such 
as ton-mile traffic, crew numbers, etc. This infon;iation 
is thon fed daily into the computer to update fligiit times 
on the 150 aircraft master disk records, 

A sorviceablo part tag is an itom carried in the 
stock bins x;hich is requisitioned by the mechanic for 
installation on an airpljone, A repairable part, on the 
other hand, is an installed item that has been removed 
from the aircraft because of faulty condition and must now 
bo routed to the shop for repair, Tliese tags alter both 
component overho.ul and stock control disk records, and 
in some instances might also be recorded on the component 
performance disks. 

1 



Ibid, 
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Scheduling: decisions now becoiiie autonatic. For 

example, the in-line printer viill print each plane’s date 

duo for overhaul by calculating current tiiae since 

overhaul plus anticipated future flying tiiae. It xd.ll 

also print maintenance check sheets, itemising only those 

coraponent iteais due for removal at a particular period. 

The organisation of the comptiter file is generally 

simple. Aircraft records, for example, can be stored on a 

portion of one disk face of a computer disk storage unit; 

the $00 stock control records and pOO component records 

appear on one disk each; and the 7 $,000 component overhaul 

records can bo packed into the remaining disks* 

Input volume in the system described is 

exceptionally lox-j for a coraputerizod system — a top 

2 

average of perhaps 2^,000 cards per day. Utilization is 
usually made of any remaining unused disk file to 
accOi:imioda.te storage of technical data. 

A technical Library 

Storing engineering and technical data on computer's 
for various complex aircraft systems is onothor recent 
innovation. Volumes of books, reams of sioecifications ana 
thousands of bluex>rints, draxd.ngs and diagraras are used 

'^ Ibid . 

%bid. 
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by the naintenance nanager to nalntain .nd service an 
aircraft. Findinc bho right infor:,iation for a job 
frequently involves hours of search. 

Figure 8 chows a cchematic c::anple of the 
Boeing 727 and electronic data processing of its 
electrical wiring data. Basic wiring data from 
engineering and raanufac turning is stored in the computer 
on magnetic tape, fhe comjtiter is then prograrraed to 
provide infox^aation useful to naintenance, The pr*inciple 
benefits of this prograra stem from the speed and accuracy 
at xiiich rJ.1 the interrelated wii 'ng data is made 
available to those affected. The siraplo logic of the 
computer fonms a moro coraplcte engineering definition of 
all wiring details than x-ras norxially available. For 
example^, each ground and splice in an aircraft electrical 
system is now completely identified and its location 
specified,^ 

The ovorall benefit to the maintenance manager 
is that more complete system data is now available 
quickly and more easily than by the former manual methods. 

The scheduling of equa.praent and its components for 
inspection and overhaul is a now application for computers, 
ilajor U.S, o.irlines, howevex’, noxf have a 
comprehensive computer controlled accouxxting system, as 

"*The Boeing Company, Airplane Division, '*727 
Hiring,'* Renton, ..ashingt.on, 1963, PP. 68-72. 
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Source . The Boeing Ccxnpany, Airplane Division, ’^727 
Wiring, Renton, Washington, 1963, p, 69 • 
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described, as part of their system of scheduling 
and its components for inspections and overhaul, 
chapter describes Trane I-forld Airlines' specific 
application of this technique. 



equipment 
'The next 
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TRAIIS WORLD AIRLIITSS^ COKPUrSE SYSTI2I 

Trans World Airlines has installed a contralised 
maintenance system at Ilid-Continent Airport near- 
Kansas City with a comzuuni cat ions and data processing link 
to 73 cities in the United States and 23 bases elsexdiere 
along the airlines* 50,000 route miles 

This international carrier spends nearly 
$90 million annually on maintenance. The cyst era 
inaugurated in January 1961, features a Royal Precision 
IiOP-30 computer which is used in conjunction with a 
xTOrld~wide teletype systera. Daily reports received by 
^.dre from bases in other countries can be analysed by 

2 

the computer in minutes and the results teletyped back. 

A major segraent of Trans *iorld Airlines* 
maintenance program involves keeping tabs on more than 
25,000 poxrer plant parts and 50,000 airplane parts 

-j 

Trans World Airlines, "Data Processing 
Bagincering Applications," Kansas City, Mo., 13 Jan. 1961. 
(uimeographed, ) 

2lhid. 
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designated as time-controlled nnits. Subject to strict 
control by Federal Aviation Authority, theso units nuot be 

•I 

replaced periodically as use-tine mounts. 

Under TWA’s integrated system the computer keeps 

track of the hours accumulated by each unit under control. 

The Royal McBee computer is desk siaed, yet it has 

sufficient capacity to monitor more than 6000 different 

2 

units used on 18 I|. aircraft. 

Each morning the IiG-P-30 is fed information on 
every aircraft in the fleet. Previously this information 
took days to arrive from distant bases. The tclo-typc- 
computer combination provides current, comprehensive 
reports vdiich formerly were itipossible. 

The Computer Program 

The IjG-P- 30 is a lo%.--cost, hi^ riemoi’y computer 
xTith a siiaplo command structure of 16 cormiands such as 
“add," “subtract, “ “multiply,” and “divide.” It has 
si>ace for ij.096 words in its memory. It is located in the 
maintenance administration office ratlier than in a 
centralized data processing group. TIIA personnel spent 
two vjeoks at Royal IIcBee ‘ a computer course to learn the 
unit's operation.-^ 

^ Ibid . 

^ Ibid . 

3roid. 
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TWA says the conputer: 

1. Speeds accuriulated-hoars reports. Daily 
rather than bi-weehly reports on tine -controlled vaiit 
changes coming due are now available. Unit time since 
overhaul is computed and printed automatically as b^ianges 
are fed in, 

2. Facilitates aircraft scheduling. Lead time 
needed to schedule engine and other unit changes has been 
reduced as much as ^0 per cent, 

3. Facilitates shop scheduling. Accurate 
computer forecasts of future work assists in planning the 
shop vrorkload, 

ij., i-iaximises utilization of tiiTio-controlled 
parts. Time-controlled parts are now being nin nearer to 
their allowed limits due to the daily updating of the 
aircraft files. 

5* Forecasts maintenance -due dates. Such 
forecasts for poxrer plants and other components are 
prepared in a fraction of the time previously required, 

6, Inci'easod data processing capacity. The 
volume of time -controlled unit activity is incx*eased 
approxiraately 50 per cent by the addition of jet fleets. 
Aided by the computer, this additional workload is being 
handled vjith present personnel. 
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7* Updates part history cards. Part history 
cards for more than 30,000 timo-controllod parts are 
posted in lialf the time through the use of computer 

A 

reports. 

The Power Plant 

Computer Programs at TUA can be divided into tliree 
na;}or parts. The power plant program, tho first to go on 
time, rides herd on more than 800 piston units, plus 6 to 
10 time-controlled parts per piston engine and units 
per jet engxne. 

Time-controlled power x->laut parts are short-hour 

units whose service life falls far short of the airframe 

overhaul times of lj.000 hours for piston aircraft and 3000 

hours for jets. Jet engines must be removed and inspected 

at least once during each overhaul cycle. Piston engines 

are pulled after 1^00 to 2200 hours of service for 

overhaul. Time-controlled parts include propellers, power 

recovery turbines, turbo compressors, jet fuel controls 
3 

and others. 

Hi Cher son, D, II., “Project Report TV/A,'' 
iCansas City, Ho., Hay 1961, (Himeographed, ) 

O 

'^Trails World Airlines, loc. cit . 

%ickorson, loc. cit . 
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stored in the computer's meriory are plane numbers, 
engine numbers and locations, time-controlled unit serial 
numbers and the time since last overhaul for all items, 
plus basic program information on FA/v-o.llowed time limits, 
3ach morning, the previous day's flight hours for every 
aircraft are received, punched into tape and fed into the 
computer . 

Input is plane number and flight hours. The 
computer finds the rig^it plane listing and xxpdates all 
items. It then checks certain specified parts against 
PAA maxiraum tirae limits and prints oxat the time the part 
change must be made and remaining hours. Part removals 
are read into the computer daily. 

Since TV/A divides its aircraft into fleets based 
on plane types, all computer programs are run by fleets. 
The basic information on maximum time limits and pai’ts 
stored in the comp-ater varies by plane, necessitating this 
common -plane approach. 

Updating power plant time -controlled units, 
searching for unit changes and punching out a new master 
file takes about 90 seconds per plane. The largest of the 
nine fleets — twenty-eight planes — is processed in 
fewer than 4 .!? minutes, 

Trans u’orld Airlines, loc, cit . 



Tiric~controlled parts tiiat have crdiaustcd their 
allowed tiiae arc returned to the Kansas City Maintenance 
Base for coiaplete overhaul. Knit time reverts to zero 
hours. Parts that are removed because of a malfunction 
arc sonetirics repaired and continue to accrue tirae in 
service until reaching the FAA specified naximum. 

Approxiraatcly 6000 different units are repaired 
in TV/A shops. The production rate of those units is 1^30 
per day. About 100 piston engines are overhauled each 
month. The jet engine overhaul is presently 6 ^ overhauls 
per month. ^ 

The Airframe Program 

Time on the airframe itself and associated 
airframe parts such as cockpit instriAmonts, landing gear 
and automatic pilots is also controlled by the computer. 
Tabulating time on the airframe is strai^tforward 
accounting. Controlling tirae on airfremo parts is similar 
only in some respects to controlling time on power plant 
parts. 

Unlike power plant parts, airframe components are 
long-hour units wiiose useful life generally exceeds the 
airfrarao overhaul period of 3000 to Ii-OOO hours. 

Previously these parts — numbering about 80 for piston 

'IJickercon, loc, cit. 
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craft and I30 for jet — xroro updated only xrhon the plane 
arrived for overliatxl. 

By putting the aix’friune prograri on the computer, 
an accurnilated hours rejDort is available daily. Given 
this infomation, it is nox; econoniically possible to run 
parts nearer to thoir alloxred Units, changing thora 
between base overhauls during re,gxalarly scheduled checks. 
Once parts have been removed, part history cards 
must be brought up to date. By printing out complete 
information on parts removals the computer has holpod 
lialve the posting time. 

udie plane file tape containing complete 
information on tho plan© and parts is not stored in the 
memory but is run throixgh the computer one plane at a 
time. The coraputor upgrades time and makes all pertinent 
part changes. It notes xdiether or not newly installed 
parts will reach the nest airframe overhaul without 
exceeding specified overhaul limits and points out 
exceptions trith tho aircraft time at which the units must 
be reraoved. 

Alterations to tho raastor file ai’e then printed 
out for use trith the next day's updated run. Tho complete 
updating transaction requires fewer than txjo minutes per 
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plane on the average. Error chocks throughout the program 
guarantee accuracy. 



Unit Change Simulation Program 

As an aid to scheduling and planning, 'HVIA has 
built a unit change siraulation prograra now used only for 
coBipleto power plants TJhich ijrescnts a 30 -day forecast of 
engines that will come due for inspection asid overliaul. 
Based on assumed conditions proven by past o;roerionce, 
the program print-out is an itemised list of engines and 
Kiaintonanco-due dates, 

lir, Nickerson, T¥A*s Director of Data Systems and 
Design, says, “Current computer programs represent only 

p 

a se^ient of the w*orkload planned for the future,” 

Since the tirie-controllod part program has produced 
savings in maintenance costs throu|^i maximum utilisation 
of part life, it t-rill be expanded to include additional 
parts, 

'‘ ibid , 

p 

Letter from D, H, Nickerson, Director of Data 
Systems and Desifpa, 'I?rr.ns ¥orld Airlines, Kansas City, 
Mo., 29 Dec. 1963. 
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CHAPTER V 



•gillTED AIR LIKES DEVELOPS COIIPUTSH 
T5CHITI0.UES FOR OVERIIAUL 

A new management technique called "critical path 

analysis" has been developed to speed aircraft throu^i 

overhaul at United Air Lines, San Francisco Ilaintenance 

Base. This planning and production control tool, adapted 
■1 

from the PERT system of military and space manageiiicxat 
programs, is made possible by computers such as the IBII 
1ij.01 and their ability to assimilate vast quantities of 
raw data. 

Management Problem 

United’s Overhaul Base raust provide safe, 
dependable aircra.ft on time foi* airline service. Safe in 
terms of flight quality standards and FA.A requirements, 
dependable in terms of airline schedule perfoi^manco mth a 
ninirium of delays to the passenger, and on time in terms 

^PBRT — The Program Evaluation and Roviexr 
Techniquo is one of the newest and most promising of the 
computerized managoraont planning and control devices. It 
is a tool which is used for defining, integrating end 
interrelating what must be done to accomplish program 
objectives on time. Its throe salient features are 
planning, scheduling and the concept of the critical -path. 



of uiiniBUjm out -of- service time for the naintenanco and 

overhaul activity. The cosmercial turbo-jet airliner 

costs $6 million and United calculates when £p.'’oundod for 

repaii*3 it costs $3*000 of potential revenue each hour 

1 

it might othervri.se be in the air. 

The .specific goal at United* s Overhaul Base vras to 

corapletely overhaul a very complex aircraft such as the 

DC-8 oi* B-720 in five days. This involved planning and 

schedi'iling 12,000 man-hours and some 2,000 different jobs 

(of xdaich only about ^0 per cent are Imoxjn beforehand) 

vri.thin an elapsed time of 120 hours, and not just once, 

2 

but routinely each week throng the year. This, then, 
is the specific problem United attacked and this chapter 
vri.ll describe their approach and final solution adapted 
from the PEHT technique. 

Turbo-jet Airliner 

United's Base Overhaul had been using traditional 
planning and scheduling tools for years, such as G-antt 
or bar charts, sched-u-graph, etc. Hoxjever, vjhon the 
turbine aircraft vjere introduced, they found these systems 
could not cope v?ith the magnitude of the problem, 

^ The Wall Street Journal , 11 Feb. 196i{., p. 1. 

p 

Letter from P. A. Uood, Vice President Base 
Maintenance, United Air Lines, San Francisco Base 
Maintenance, 11 Dec. 1963* 
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'151030 planning syoteris had deficiences rosnlting 
fron techniques tdiich t-rene inadequate for dealing irith the 
coi?iplex job of overhauling a large jot aircraft, 

•The volume of paper, the coordination required in 
sequencing work among seven key cretro, tiriiing of part 
requirements and communicating t^ork accomplishment througli 
three shifts, simply over'uholmed the planning center 
people. 

Critical Path Analysis 

PERT (critical path analysis) is used for project 
type activities such as heavy contruction, facilities’ 
maintenance, shipbuilding, and research and development of 
military programs. United Air Lines found that the 
factors coiiSiion to these typical projects were also coiimon 
to the overliaul of a turbine aircraft; namely, the end 
products of the oporaabion are fevr in number; the operation 
is composed of a large number of serial and parallel jobs; 
all of these jobs are directed toward a corasion objective; 
there is a degree of uncertainty in the production method, 
time required and allocation of resources; and several 



^Ibid 



organizations aro involved, having different jobs to bo 
done and having cor,xnunication problems. 

To draw a parallel, major mtiintenanco or overhaul 
of aircraft combines a tliorougii inspection, scheduled 
changes of many components and any modifications required 
on the airfrariie or aircraft systems. The pattern of this 
type of maintenance is disassembly, inspection, repair and 
or modification as req^iirod, r'eassembly, then operational 
check. This is a rather straightforward concept and in 
the case of piston aii'’craft. United had years of 
experience and relatively simple systems to contend xfith. 
This made conventional planning and scheduling systems 
quite capable of liandling the situation. With the 
appearance of very c:qoonsivo jet aircraft and the pressure 
for high utilization of the equipment, the picture 
changed,^ 

The attempt lirill not bo made hero to describe the 

technique of critical path (PERT) since a great deal of 

3 

literature is available on the subject. Essentially, the 

•fi 

United Air Lines, "Project 3^1- Tui'bine Aircraft 
Overhauling Scheduling System," San Pra.ncisco, Calif., 

20 Sept. 1960. (Mimeographed.) 

%Jood, loc. cit . 

^Por a description of this tecimique see PJliite, 
Glenn L., "Computerized Project Hetvrork Analysis," 

The Military Engineer , Vol, 5^, ITo. 366, July-August 1963, 
pp. 230-239* 
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crifeical path analycis provided United with the neans to 

diagran the interi*elationships ar.iong various jobs, 

identify the skill and manpower required for each 

operation and finally cone up ^lith the proper sequencing 

for completion of the total overhaul in the shortest 

elapsed time, ”In a way,” says Percy V/ood, head of 

United Air Linos Base Ilaintenanco Department, ’'critical 

path analysis applies the scrac co'Jimon sense to a 

production problem that the hxmaan brain would if it 

could stretch that far and assimulate all the facts.” 

Initial efforts to develop critical path charts a 2 '.io\mted 

to a trial and er*ror method. Eventually it boiled dovni 

to the construction of eij^t network charts irliich 

comprised the eight key maintenance areas of the airplane. 

"Sh&ae \iere hydraulic system and control surface rigging, 

cabin, radio and electrical system engines, air 

conditioning, fuel and the coclcpit. Conventional a.rrow's 

were used to represent individual jobs in those networks. 

Certain innovations were necessary. Per example, the 

independent treatment of the networks representing the 

eight area gp^oupings was not completely realistic. In 

some cases an operation in one category iras a prerequisite 

2 

to another represented in a different network. fiiis had 

'I 

Wood, 9 Doc. loc. cit . 



‘"United Air Linos, Project 3k, I.oc . cit . 
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to bo sbora vjhere its effect vras felt — outside its 

parent grouping. In other cases there was little or no 

reason to show one job aiiead of another. An arbitrary 

sequencing was established. 

fhe network was laid out in geiieral terms, based 

on observation and analysis. Tlaen it was progressively 

refined througli consultation with ewporienced foreseen and 

highly skilled maintenance personnel. These diagrams, 

then, comprised the master plan for the overhaul and 

permitted visualization of the entire process. This, 

incidentally, was one of the first major’ benefits obtained 

2 

from the effort. It proved to be an erccellont 

communication device for discussing the method and 

management of the overhaul process. In the method area, 

for example, a nuiriber of inadequacies and errors in the 

job card operation vrore turned up and many changes were 

necessary in order to properly organize the individual 
3 

jobs. 

The Computer 

Upon completion of the network development a 
coiirouter program was prepared for the II3i'-l llj.01. This 

^ Ibid . 

^Ibid . 

^Ibid. 
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program proxi'ided the means for identifying the critical 
path. In addition, several print -out variations \tqvo 
added to provide the forenoia X’Xith a simple control tool. 
For oxanple, the standard critical path print-out for the 
total overhaul would be too cumbersome for a fororaan to 
worh x-rith, therefore the inforraation was sorted out for 
each of the key netxforks and assembled in order of 
increasing slack. In other words, critical jobs x-rf.th no 
clack at the top of the page follox/ed by the near critical 
jobs, and so on. 

An initia.1 trial period of six raonths \rs.s sot up 
to test and "debug” this method of schedtxling in real 
life, 'rhe eir^at network diagrams xrore posted in the vxork 
anoa so that maintenance personnel could bocorae familiar 
with the method of representation and thus be in a 
position to contribute refixiements. In addition, a txfice 
daily computer run was prepared. It enabled monagcrient 
to see delay situations developing and take the right 

2 

action to avoid or at least minimise the consequences, ' 

United rated the test successful x-rith a definite 
improvement in moving toxiard a scheduled five-day 
overhaul, fhe foreraan becarae highly conscious of the 

^ Ibid , 

United Air Lines, ^Project 83 — Ihirbine Aircraft 
Overhaul Scheduling System — Status RcT)ort," 

San Bk*ancisco, Calif., 13 Nov, 1962, (Ilimeographed, } 
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critical path Jobs. He was in a much better position to 

allocate Job priority and skills, and he based his 

decisions on realistic criteria — especially those 

1 

on-tho-spot decisions that always occur. 

As far as further developraent of critical path 
was concerned, the tost demonstrated that invariably the 
governing nctvrork proved to be the hydraulics system and 
fliglit control rigging. These were the controlling 
factors leading to on-time versus late reloa.se. As a 
result increased attention was focused on hydravilics and 
rigging and the other netvrorks wore de-eraphasiaed. 

Today this modified critical path systei'a is 
installed and operating at United Air Lines Base Overhaul, 

Results 

The application of this technique to the 
scheduling problem of overhauling turbine aircraft and 
engines has produced the following results; 

1 . It has resulted in improved descriptions of 
the detailed work vrith an overhaul and this in turn has 
permitted better analysis and coordination by management. 

2. It has afforded effective centralized control 
over the various phases of the overliaul. 



''ibid. 
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3 . It has provided well-founded sensible 
sequencing of the many and varied jobs to be done in the 
highly complex and specialised aircraft systems. 

I4., It has permitted better parts availability. 
More realistic predictions of need-times lessened the 
eraount of expediting necessary and resa^lted in sraoother 
flow of components among the support shops, stock rooms 
and overhaul docks. 

5. It heis reduced out-of-servico tirae of the 

•j 

aircraft being overhauled. 

Critical path analysis, a planning and production 
control technique, is made possible by the computer. This 
method doesn’t decrease the amount of work that needs to 
be done. But it does help get tasks better organised and 
in getting jobs assigned and accomplished in a noi’e 
orderly Oiid efficient luanner. 

1 



Ibid, 
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CEAl?Tm VI 



AUTO:i/iTIC CI-IBGKOUl' SQUIHIBIfP 

Previous chapters liave shoxm airplanes arc 
expensive machines to keep idle. Ir^licit in any cost 
consideration, of course, is the problem of personnel 
required to accomplish maintenance activities. As the 
airplanes and the equipment installed on them become more 
and more complex, it becomes more and more challenging 
for maintonanco managers to find x-rays and means of 
deploying mechanical personnel to accomplish most 
efficiently the job at hand. It appears there is a trend 
toxrard increasing specialisation of mechanical personnel 
and, of course, higher labor costs. One hope that might 
make this trend xinnccossary is in the increasingly 
effective use of automatic checkout equipment, xdiich 
xjould make a generally good mechanic effective in trouble- 
shooting systems x-diose innermost sccreta ho nijpit not 
fully understand. 

Typos of Maintenance 

Generally speaking, an airline accomplishes 
maintenance on its fli'^t equipment on a txro level plan. 




I 



Routine maintenance of a '* day-to-day" nature commonly 
called line maintenance io accomplished usually at 
several stations situated along the airline route. Such 
raaintenanco ranges from routine handling of flight crews 
to relatively complete preventive maintenance chechs 
(discussed in prior chaptei’s) that take up to 2b. hours 
and many hundreds of man-hours to accomplish, these being 
done at intervals of 100-200 hours of flight time. At 
greater intervals, rouglily in the 2OOO-I5.OOO flying hoiir 
range, the airplane is brouglit into a central maintenance 
facility whore it is laid up for a period of approximately 
a week during which time it is o\''orhauled. During this 
overhaul period many of the more complex units are removed 
frcrni the airfrciae and are x-rorked on in nearby shops whore 
greater efficiencies can be achieved in the performance of 
routine checkout of the units to assure their ca.pability 
of continuing to do the task assigned. 

Ik'jo distinct types of checkout equipment are now 
utilized to service these two types of maintenance 
activities. ‘She lino maintenance function is served by 
semi-automatic checkout equipment that is considered 
relatively coarse in nature and xdiose purpose goes no 
further than to point out the faulty unit or "black box" 
that is rendering a given system unusable. In the 
airplane overhaul function, more elaborate and more 
complete checkout eqxxipmont is employed to delve deeper 



into systems installed in the aircraft and in shop arec-s, 
to accomplish long and arduous step-by-step checking of 
complex pieces of equipment either prior to or follox-Ting 
overhaul in a shop. 

Both military aviation and coimiiercial airlines 
have recognised the need for automatic checkout equipment 
to perform maintenance checks on aircraft systems. 
Application of seami -automatic checkout equipment has 
found wide use in radar systems, electrical systems, 
vjeapons systems and various other electronic and hydraulic 
systems. 

Look at an exasiple of a specific piece of 
equipment novt in use by maintenance managers. 

Auto me-tic Pilot ^stem 

Virtually all airlines are using checkout 
equipment for their automatic pilot s 7 /stems. Genei'aHy 
this piece of equipment comes under the category of 
semi-automatic type smd is contained in a unit small 
enough to bo ternied a "suitcase tester," The 
semi-automatic tester for the DG-8 autopilot system 
accCTCiplishes 99 distinct tests and is intended to pinpoint 
the particular "black box" or component within the 
installed system that should be removed and replaced in 
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1 

order to br5.ng the syston 5.nto satisfactory operation, 
fheso testers are availab3.e at the 3.ine naintenan.ce 
stations for use by mechanics to analyze and trouble-shoot 
systems that have been complained about by fliglit crews. 

These sesrai -automatic checkout units can be very 
valuable in finding troubles which can be corrected before 
they become "squawks" by a test fligh't^ crew. Using a 
$6 million a.irplsne and a four-man fligjit crew as a test 
bed for an autopilot system with one, tiro or three re-runs 
of test flights to make sure that the trouble has been 
found snd corrected, can be a terribly expensive way to 
operate. 

Full Automatic Bguinment 
ifeeded! 

Host of the semi-automatic Gq^^ipment now in use is 
relatively "coarse" in nature. Usually only general 
indications arc made. Too often, trouble-shooting with 
this equipraent ends simply irith replacing the biggest and 
most complex unit in the system because the law of 
averages says that this unit is likely to be the one ■smth 
trouble in it,*" Obviously this "shotgun" method is the 
raost expensive possible to use. The coot in terms of 

Aldrich, J. A,, "Autoraatic Checkout Equipment for 
/iirline Use," SAE Journal , Vol, 68, Dec. 1960, p. 39. 

%/ood, 9 Dec. 1963 , loc, cit. 
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aircraft out of service and thereby bein[^ a dotrinent 
instead of an earning poner factor, the cian-hours costs 
involved, the cost of the elaborate facilities that have 
to be provided in order to Hork on the aircraft at all 
and the treraendous cost of raaintaining a stock of spare 
units of all sizes, shapes and descriptions in order to 
keep ever increasing supply lines fiill, is prohibitive. 

I'Jhat is needed is more elaborate and more delicate 
full automatic equipment for line maintenance. The 
concept should bo in the nature of a van outfitted with 
sophisticated checkout equipment that can drive alongside 
the aircraft and plug in a cable to a recepta.cle on the 
side of the plane to checkout its systems in depth. 

Aircraft novj on the drauing boards should be 
designed to utilize sophisticated cybernetic maintenance 
equipment, i'hc design concepts must take this need into 
full account, and the detailed engineering must recognize 
the requirement as the system evolves, iviring circuits 
must be integral Xifith the aircraft systems to pemuit the 
detailed analysis required. It is too late if we try to 
add it on or to squeeze it in later. 
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CMPTER VII 



FLIGI-IT DATA RSGOimHIG FOR IIAIIIgBlUlICB 
I-Ia in t onan ce Analysis 

All routine maintenance is noi; predicated upon 
time exposure of parts and equipment to usage and wear. 
It is true that information available from electronic 
data processing has put this problem more into focus -~ 
that in case aftei’ case adjustments are being made to 
lengthen service life of airframes and parts. Often 
equipment and parts are being changed before failure by 
modified replacements. More efficiency and great saving 
have resulted. 

Mai.ntenance analysis, the ’’science” with tdiich 
managers attempt to pinpoint where excess labor and 
material are being e^qpended, cannot fully be developed 
until engineers can incorporate the other factors knoi-m 
to figure in vxear and failure of parts, femperatixre, 
stress and action have long boon imoxr,-n to be important 
to the life of parts or systems. 

Information from data processing systems have 
built a preponderance of evidence to indicate there is a 
definite correlation beti?een the functioning or 



rialfunctioninj;; of a component or system on an aircraft and 
other components and other systems on the same aircraft. 

A simiDlo case in point may be the landing strut on 
an aircraft or one of its maiay associated parts, ‘fhe only 
way this part's life is dcteriri5.ned now is by length of 
service and inspection foi’ evidence of failure. 
(Insiccctions are even predicated upon time. Routine 
inspections arc made aftei’ each flight with more detailed 
examinations being made after so many hours flight). 

More moaningfiil thcui time in evaluating wear would be the 
number of times the landing gear was activated {the plane 
could have been iised on long flights nd.th few landings or 
vice-versa). Other information vjould also be useful. 

Were the landings '’har’d'* or "soft"? Vflrat were the 
loadings on landings? iilhat vibrations were experienced? 
How much was the aircraft taxied, turned? With this 
information v;e would be in a better position to predict 
rdren the activating rod on the shimmy da^mpner vrould fail, 
and to predict if this fai3.ure would result in a blovm. 
tiro and if the ultiraate result would be a failure of the 
landing strut. 

With thousands of parts to vratch, statistical 
analysis of time and failure correlation has been about as 
much as monagement could digest until now. With the 
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autoiuatic equipraent and cybernetic systeras nox^ available 
other factors that contribute to failuro can and laust be 
considered. 

Flirjit Data Rocordinp; 

A comprehensive routine flight data recording 
system should be developed and installed on aii’craft. 
Similar systans are non available and in use in aircraft 
research and testing programs. The basic purpose of the 
maintenance recording would be to make available quickly 
to the maintenance manager and liis staff a complete 
statement of the overall condition of an aircraft and all 
its component parts and accessory systems. Practically 
all operating parameters in an aircraft in the course of 
normal operation could be transduced into electrical forra, 
then transferred to a magnetic or paper tape. Figure 9 
shoirs a list of fli.^t pararioters considered significant 
for maintenance purposes. Tliis tape could then bo the 
direct input at a playback rate of one-h\mdred times 
recording speed to computers after each flight, 

The tape recording xrould then furnish to a 
computer the current condition of the aircraft components 

Flight recorders are novr in routine use by 
airlines for a different purpose. Recordings made of a 
few basic parameters, protected by armored containers, are 
only analysed in the event of a crash, llo routine use is 
made of tliis valuable though scanty (in its present form) 
infonuation. 
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indicated air speed. 
True outside teinp, 
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1 True air speed, 

1 Heading. 

1 Vertical acceleration, 

1 Rate of climb, 

I4. Fuel quantity, 

6 Electrical supply 

voltages a,nd currents, 
1 Off track distance, 

1 Ground soeed, 

- 27 




^ T G.II.j?,, Date Total 1 k2 

iime Code Cnamiel piigiit Ho,, Aircraft Ho, 



Piguro 9. — List of Significant Plii^it Parameters 
for Maintenance and TIacir Source Location 
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by direct measurement and the actual service x/hich the 
aircraft as a whole and its components in detail have 
undergone. Precise forecasts could bo read directly from 
the computer as to when future maintenance action would 
become necessary by the detection of major and minor 
malfunctions mich require immediate attention. Plie 
detection of failures occurring at koy points in the 
mechanical, electrical and hydraulic systems of the 
aircraft vrould be diagnosed and indicated by the coraputer. 
As diagnosis nonnally represents a major proportion of tlio 
time taken in ’’trouble-shooting," there v7ould be a 
sij';nificant savings in maintenance cost. 

The advantage of recording for diagnosis is 
particularly important when failures occur that are 
associated i-rith conditions of flight — for e:xample higli 
altitude o.nd air speed -- is difficult if not ii7Q>ossible 
to reproduce in ground "run-up" tests. 

Obviously hours flo^.ll are not a reliable 
indication as to the overall service i-.iiich an aircraft has 
undergone. The difference between the effects of fliglat 
in cal!;a air and turbulent conditions on fatigue in the 
airframe structure is manifest. Just as obvious are 
effects of such factors as extremes of exiiaust gas 
temperatures in turbine engines. Exceeding certain close 
limits for short pe.riods may call for the replacement of 
at least the entire "hot" section of an engine. It should 
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be equally clear, therefore, that if certain conditions 
jce destructive of an engine, then conditions less serious 
vd.ll affect the life of the engines in a raericed degree. 

The use of the flight recorders to supply source 
data as inputs to an integrated inforsiation systora v/ould 
represent a najor breaIcthrou{^ .for aircraft laaintonance 
Exane.gers. Shortly after each routine flight, managers 
vrould have available information herebefore available 
only to engineers in research xrorlt. Furthermore, this 
information after processing by computers vjould be 
presented in terms of management decisions. 

Integration of the more raeaningful data from 
flif^it recorder-computer systems vrith existing data 
collection systems, coupled v;ith automatic checkout 
equipment should satisfy raanagoment needs for control, 
under 5 taza ding and efficiency. 

Pligiit recording systems and circuits for full 
automatic checkout equipment cannot be practically 
backfitted into present aircraft. Provisions for these 
systems should be incorporated into the design of aircraft 
and constructed as an integral part of the aircraft and 
its oim systems. 



CHAPTER VIII 

CYBSRirS?lG M/lIITTBIlAHCB — A irECESSITY 

Impact 

Aircraft maintenance management problems are 
manifest. The costs involved are staggering. Recognising 
the potential for management control of the computer, 
aircraft maintenance managers are turning to automated 
equipment and techniques for a solution to their problems. 

Ililitary aviation has initiated electronic data 
processing systems to give xnanagers more meaningful and 
tiraely inforsaation lAjith which to vrork. Many commercial 
airlines nox^ use computers to make decisions for 
maintenance managers. Those computers actually order 
part changes and schedule aircraft for inspections and 
overhauls. Computers store technical maintenance data for 
immediate access. CoraTjuters even help speed big coraplex 
aircraft through overhaul by assimulating and organizing 
the work. Semi-automatic checkout equipment similates 
operation and spots failures before they occur. 

The Impact of these cybernetic systems on aircraft 
maintenance has been better aiaintcnance. For military 
aviation better maintenance has meant increased readiness. 
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lower cost and safer operations. For airlines, better 
raaintenanco has meant safer fliniits, more dependable 
timetables and rising profits. 

Maj. Gen, Joseph R. Holaapple, USAF, Assistant 
Dejjuty Chief of Staff for Systems and Logistics, notes 
the new maintenance management program has paid dividends. 
The time for pulling a 600~hour inspection on the ICC -135 
tanlcer has been cut from nine days to two and a half. 
Inspection time on the B-52 has been dropped from eleven 
to under four days. Today the Air Force enjoys a 
significantly stronger force from an inventory that has 
increased little in numbers.^ 

The jot, although its basic engineering principle 

is far simpler than the piston, actually has more complex 

accessories and is more difficult to maintain than the 

piston aii’plane. Yet, since the introduction of 

cybex’netic systomo for maintenance, U.S. airline industry 

figures show jet engines are shut dot-m in flight because 

of failure only one-sixth to one-seventh as often as 

2 

piston engines. 

American Airlines reported mechanical trouble 
delayed only l|. per cent of their flights in 1963, against 

A 

Bamford, loc, cit . 

^The VJall Street Journal , 11 Feb, 1961!-, p. 1. 
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7 per cent of the 1960 departures j they predict a further 

A 

drop to 3.5 per cent in 1961 l. 

Trans World Airlines, Inc* no^? schedules a major 
airframe overhaul for each of its jets only once every two 
years. Before the introduction of their comprehensive 
computer parts accounting system, an airliner could go 
less than a year before requiring this $90,000 job,^ 

‘The time betx^een major engine overhauls — at a 
cost of about $100,000 on a four-engine aiiqilane — has 
been extended even more draaiatically, Pratt and Vihitney 
jet engines had to be overhauled after each 800 hoiirs of 
operation in I960. Today they are going 5»000 to 6,000 
hours betvjeen overhauls on several raajor airlines.^ 

The results of these cybernetic systems have been 
sizable direct cost savings to the airlines, llorc 
impoi’tant still, the airlines a^re now able to keep their 
jots in flight long enough to get the full benefit of 
thoir earning capacity. TWA, an international carrier, 
now can break even flying its planes xmth loss than 
1^0 per cent of their seats filledj in 1958 it required 
60 per cent. American Airlines, a domestic cai’rier, can 

^ Ibid . 

%bid. 
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break even nov; with ^Lt. per cent of its seats filled, 

•j 

against 60 per cent in 19^8. 

Managers nay ejcpcct even nore help in the future 
frora flight recorders. These recorders will provide 
flight parameters of aircraft while flying as source data 
to computers for analysis and diagnosis. This innovation 
could be a raajor break through the time honored "hours 
flown" raanagement concept* 

Conclusions 

Solutions to the maintenance problem a.re 
progressing in a ti’aditional raanner. Machines and 
computers are being substituted step-by-step for manual 
systems. This approach Imis been perhaps the result of 
entrusting the I’ole of researching solutions to 
management’s problems upon the manufacturers of computers. 
Tixe computer manufacturer’s research people freeuently 
have determined the first applications of computers v;ith 
no real idea of the problems involved or management’s 
needs. Of course, those applications have been the ones 
easiest for the manufacturer to sell e:^isting hardTO,re. 
Initia.1 results appee.r most impressive even as net^ 
problems and liraitations appear. 

'•ibid. 
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The approach that must no\r be taken must be in 
terras of a tjholly integrated cybernetic system. How that 
the glaraor of the computer hardware has faded into proper 
pei’spective, attention must be focused on management 
systems to best utilise technological innovations. 
Managoraent needs to detoamiine what information must flow 
and its relative value. It raust devise nevr totally 
integrated systems, then seek out manufacturers to ftilfill 
the ha.rdware needs. 

Aircraft maintenance managers and aix'craft 
designers should collabora.to on the design and 
construction of aircraft that can be a part of a fully 
integrated maintenance management systeiu. Planners of 
aircraft in the future must incorporate use of full 
automatic checkout oquipraent and flifjlit recording systems 
in their designs. 

Future High Performance 
Aircraft 

It is every bit as important to achieve 
maintainability and reliability in the supersonic 
treaisport as it is to obtain the Mach 3 performance. The 
economics of a Mach 3 airplane are based on the 
realisation of throe times the productivity of the present 
subsonic machines. If this objective is not realised, it 
probably will result in economic disaster for the airline 
and possibly for the specific airframe manufacturers. 
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It is imperative, therefore, that the next roneration of 
air transports bo designed uith reliability and 
3:;iaintainability on equal basis with the speed and 
porfornance requirements. Quick and effective handling 
of all maintenance must be achieved to assuifie success of 
the supersonic airplane* 

Maintainability and reliability in future military 
aircraft are not any less imperative. Reaction times are 
shrinking, constant readiness is a must. The task of 
maintaining a readiness posture is a gigantic one for 
military management • 

Aircraft maintenance managers must rely on 
cybernetics for help. The hi^ performance aircraft of 
the future must be designed and built for Bianagoment and 
maintenance by machines* 
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